Experimental solubilities are reported for anthracene dissolved in ternary cyclohexane + 1-propanol + 1-pentanol, cyclohexane + 2-propanol + 1-pentanol, cyclohexane + 1-butanol + 1-pentanol, and cyclohexane + 2-butanol + 1-pentanol solvent mixtures at 298.15 K and atmospheric pressure. For each of the four ternary solvent systems, 19 compositions were studied. Results of these measurements are used to test the predictive ability of the ternary solvent form of the Jouyban-Acree model. Computations showed that the model predicted the observed solubility behavior to within an overall average absolute deviation of about 1.2 %.
Introduction
Accurate prediction of phase equilibrium in solid-liquid mixtures is needed in many manufacturing and pharmaceutical applications, especially in purification processes involving recrystallization. Purification by recrystallization generally follows one of two approaches. The first approach involves dissolving the impure solid material in a "good" solvent and then slowly adding a "non-solvent" to precipitate the solute from solution. In the second approach, an appreciable amount of the solid material is dissolved in a hot solution, and upon cooling, purified crystals of the solute form. Solvent selection is important in both cases, and considerable effort has been given in recent years to developing mathematical equations that accurately predict how solute solubility varies with both temperature and solvent composition.
Over the past 20 years, we have reported experimental solubility data for anthracene and pyrene dissolved in numerous binary solvents. As part of our solubility studies, we have developed a simple predictive method for estimating the solubility of crystalline organic compounds in ternary [1] [2] [3] [4] 
and higher-order multicomponent solvent mixtures 6, 7 In the present study, we report the solubility of anthracene in four ternary solvent mixtures containing cyclohexane and 1-pentanol with either 1-propanol, 2-propanol, 1-butanol, or 2-butanol at 298.15 K. These measurements were performed to provide the scientific community with additional solubility data for solutes dissolved in ternary solvent mixtures. The published literature contains experimental solubility data for solutes dissolved in a large number of binary solvent mixtures; however, solubility data for ternary and higher-order multicomponent solvent mixtures are not very abundant. Results of our measurements are used to test the predictive ability of eq 1.
Experimental Methods
Anthracene (Aldrich, 99+ %) was recrystallized several times from 2-propanone to yield a purified sample having a melting point temperature of T/K ) 489. Cyclohexane (Aldrich, 99.5 %, anhydrous), 1-propanol (Aldrich, 99+ %, anhydrous), 2-propanol (Aldrich, 99+ %, anhydrous), 1-butanol (Aldrich, 99+ %, anhydrous), 2-butanol (Aldrich, 99+ %, anydrous), and 1-pentanol (Aldrich, 99 %) were stored over molecular sieves and distilled shortly before use. Gas chromatographic analysis (Hewlett-Packard HP 5890 gas chromatograph equipped with thermal conductivity detection) showed the solvent mole fraction purities to be 99.7 % or better. Binary solvent mixtures were prepared by mass so that composition could be calculated to 0.0001 mol fraction.
Excess solute and solvent were placed in amber glass bottles and allowed to equilibrate in a constant temperature water bath at T/K ) 298.15 ( 0.05 for at least three days (often longer) with periodic shaking to facilitate dissolution of the solid. Attainment of equilibrium was verified by repetitive measurements after a minimum of three additional days and by approaching equilibrium from supersaturation by pre-equilibrat-ing the solutions at a slightly higher temperature. Aliquots of saturated anthracene solutions were transferred through a coarse filter into a tared volumetric flask to determine the amount of sample and then diluted quantitatively with methanol for spectrophometric analysis at 356 nm on a Bausch and Lomb Spectronic 2000. Concentrations of the dilute solutions were determined from a Beer-Lambert law absorbance versus concentration working curve. Molar absorptivities of the nine standard solutions varied systematically with molar concentration and ranged from /(L · mol
. Identical molar absorptivities were obtained for select anthracene standard solutions that contained volume fractions up to 5 % of the neat cyclohexane and alcohol cosolvents. Experimental molar concentrations were converted to mass fraction solubility by multiplying by the molar mass of anthracene, volume(s) of the volumetric flask(s) used, and any dilutions required to place the measured absorbances on the Beer-Lambert law absorbance versus concentration working curve and then dividing by the mass of the saturated solution analyzed. Mole fraction solubilities were computed from mass fraction solubility using the binary solvent initial mole fraction compositions and molar masses of the solute and both cosolvents. Experimental anthracene solubilities in the four ternary cyclohexane + propanol/ butanol + 1-pentanol mixtures studied are listed in Table 1 . Numerical values represent the average of between four and eight independent determinations, with the measured mole fraction solubilities being reproducible to within ( 1.5 %. Table 2 for convenience.
Results and Discussion
The predictive ability of eq 1 is summarized in Table 3 for anthracene dissolved in the four cyclohexane + propanol/butanol + 1-pentanol solvent systems. Examination of the numerical entries in Table 3 reveals that eq 1 predicts the solubility of anthracene to within an overall average absolute deviation of 1.2 %, which is comparable to the experimental uncertainty of ( 1.5 %. For the four systems studied, eq 1 was found to provide very accurate predictions of the observed solubility behavior. Previous studies have shown that eq 1 predicted the solubility of anthracene in eight ternary alkane + alkane + alcohol solvent systems 1,2 and in 12 ternary alkane + propanol + butanol 3, 10, 11 solvent systems to within an overall average absolute deviation of less than 2 %. Results of the present study are in accord with these earlier observations.
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